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Resumo (VWH WUDEDOKR DSUHVHQWD XPPpWRGR TXH YLDELOL]D D UHFRQVWUXomR YLVXDOL]DomR H DQiOLVH GH LPDJHQV
WULGLPHQVLRQDLV'GHDPRVWUDVGHVRORVDJUtFRODVJHUDGDVDSDUWLUGDWpFQLFDGHWRPRJUD¿DGHDOWDUHVROXomR
2 REMHWLYR GR WUDEDOKR IRL SHUPLWLU D H[WUDomR GH LQIRUPDo}HV GHVVHV REMHWRV WULGLPHQVLRQDLV H LQIHULU VREUH
FDUDFWHUtVWLFDV GR VROR DWUDYpV GDV IHUUDPHQWDV GH YLVXDOL]DomR 'HYLGR DR JUDQGH YROXPH GH LPDJHQV H
LQIRUPDomRHQYROYLGDVH[SORUDPVHDUTXLWHWXUDVSDUDOHODVTXHSRVVLELOLWDPRSURFHVVDPHQWRGHJUDQGHTXDQWLGDGH
GHGDGRV1DYDOLGDomRGRPpWRGRXWLOL]RXVHDPRVWUDVGHFDPSRFROHWDGDVHPGRLVVLVWHPDVGHPDQHMRGRVROR
$VDPRVWUDV IRUDP WRPRJUDIDGDVXWLOL]DQGRVHR WRPyJUDIR6N\6FDQPRGHOR FRPSRVWRSRUXP WXERGH
UDLRV;GHPLFURIRFRFRPIRQWHGHDOWDWHQVmRGHN93DUDDUHFRQVWUXomR'IRUDPXWLOL]DGRVDOJRULWPRV
SDUDOHORVEDVHDGRVQDELEOLRWHFD03,3DUDDYLVXDOL]DomRIRLXWLOL]DGDDIHUUDPHQWD3DUDYLHZGD.LWZDUHDTXDO
SHUPLWLXDSDUDOHOL]DomRGRVDOJRULWPRV1HVWHFRQWH[WRXWLOL]DQGRWDOHVWUXWXUDIRLSRVVtYHOID]HUFRPSDUDo}HV
HQWUHDPRVWUDVGHVRORGHPDWDHVREVLVWHPDGHSODQWLRGLUHWR5HVXOWDGRVPRVWUDPDSRVVLELOLGDGHGHVHLQIHULU
VREUHDGLIHUHQoDGHSRURVLGDGHHQFRQWUDGDQRVGLIHUHQWHVVLVWHPDVGHPDQHMR
Palavras-chaveSRURVLGDGHGRVRORPRGHODJHP'PLFURWRPRJUD¿DDOJRULWPRVSDUDOHORVItVLFDGRVROR
METHOD FOR VIEWING ANALYSIS OF UNDEFORMED SOIL SAMPLES WITH HIGH RESOLUTION 
TOMOGRAPHY BASED ON PARALLEL ALGORITHMS
Abstract 7KLV SDSHU SUHVHQWV D PHWKRG WKDW HQDEOHV WKH UHFRQVWUXFWLRQ YLVXDOL]DWLRQ DQG DQDO\VLV RI WKUHH
GLPHQVLRQDO'VDPSOHVRIDJULFXOWXUDOVRLOVJHQHUDWHGIURPDKLJKUHVROXWLRQWRPRJUDSKLFWHFKQLTXH,WVJRDO
LV WRDOORZWKHH[WUDFWLRQRI LQIRUPDWLRQIURPWKHVHWKUHHGLPHQVLRQDOREMHFWVDQGLQIHURQVRLOFKDUDFWHULVWLFV
WKURXJKYLVXDOL]DWLRQ WRROV'XH WR WKH ODUJHYROXPHRI LPDJHVDQG LQIRUPDWLRQ LQYROYHGSDUDOOHODUFKLWHFWXUHV
ZHUHDSSOLHGHQDEOLQJWRSURFHVVODUJHDPRXQWRIGDWD7RYDOLGDWHWKHPHWKRGZHXVHG¿HOGVDPSOHVFROOHFWHG
XQGHUWZRVRLOPDQDJHPHQWV\VWHPV6RLOVDPSOHVZHUHVFDQQHGXVLQJD6N\6FDQV\VWHPFRPSULVLQJRID
N9PLFURIRFXV;UD\VRXUFH)RU'UHFRQVWUXFWLRQWKHSDUDOOHODOJRULWKPVZHUHEDVHGRQWKH03,OLEUDU\
)RUELJGDWDYLVXDOL]DWLRQLWZDVXVHGDWRROQDPHG.LWZDUHZKLFKDOORZVWKHDOJRULWKPVSDUDOOHOL]DWLRQ,QWKLV
FRQWH[WE\XVLQJWKLVVWUXFWXUHLWZDVSRVVLEOHWRPDNHFRPSDULVRQVEHWZHHQERWKVDPSOHGDUHDVLHIURPIRUHVW
VRLODQGXQGHUQRWLOODJHV\VWHP5HVXOWVVKRZWKHSRVVLELOLW\RILQIHUULQJDERXWWKHGLIIHUHQFHRIWKHSRURVLW\LQ
WKHGLIIHUHQWPDQDJHPHQWV\VWHPV
Keywords: VRLOSRURVLW\'PRGHOOLQJPLFURWRPRJUDSK\SDUDOOHODOJRULWKPVVRLOSK\VLFV
1. Introdução
0XLWDViUHDVGHGHVHQYROYLPHQWRWrPHQIUHQWDGRSUREOHPDVFRPREMHWRVTXHSRVVXHPJUDQGHVYROXPHV
GHGDGRV,Q~PHUDVYH]HVHVVHVREMHWRVHVWmRUHODFLRQDGRVDSURFHVVRVGHVLPXODomRGHODUJDHVFDODHPRXWURV
FDVRVDVLVWHPDVHTXLSDGRVFRPVHQVRUHVFRPFDSDFLGDGHGHH[WUDLUPXLWRVGDGRV(VVHVJUDQGHVYROXPHVGH
GDGRVFULDPGL¿FXOGDGHVFRPSXWDFLRQDLVUHODFLRQDGDVDRJHUHQFLDPHQWRGDLQIRUPDomRDFRPRGDomRQDPHPy-
ULDSULQFLSDODUPD]HQDPHQWRoff-lineHPGLVFRORFDOHSUREOHPDVUHODFLRQDGRVODUJXUDGHEDQGDHODWrQFLDSDUD
SURFHVVDPHQWRGHVVDVLQIRUPDo}HV0,&+$(/&2;'$9,'(//6:257+$OpPGLVVRSDUDHQWHQGHU
RVLJQL¿FDGRGHVVHVGDGRVpQHFHVViULREXVFDUQRYDVIRUPDVGHYLVXDOL]iORVIXJLQGRVHGDVIRUPDVWUDGLFLRQDLV
)5$1.(/5(,'
$RUJDQL]DomRGRPpWRGRXWLOL]DDOJRULWPRVSDUDOHORVGHUHFRQVWUXomR'GHVHQYROYLGRVSRU3(5(,5$
2VREMHWRVXWLOL]DGRVSDUDYLVXDOL]DomRGHPDQGDYDORUHVVXSHULRUHVDJLJDE\WHSDUDVHXDUPD]HQDPHQWR
HPGLVFR7DOFDUDFWHUtVWLFDFULDSUREOHPDVSDUDRJHUHQFLDPHQWRGRVGDGRVHSDUDH[WUDomRGDVLQIRUPDo}HV$V-
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VLPQDDQiOLVHGRVREMHWRVUHFRQVWUXtGRVXWLOL]DVHXPDPELHQWHGHYLVXDOL]DomRTXHWDPEpPH[SORUDRSRGHUGR
SURFHVVDPHQWRSDUDOHORGDVDUTXLWHWXUDVDWXDLV(VVHDPELHQWHSHUPLWHDOpPGDYLVXDOL]DomR'DH[WUDomRGDGRV
SRQWXDLVGHDPRVWUDVYLVXDOL]DomRGHFRUWHVRXUHJL}HVHDYLVXDOL]DomR92,Volume of Interest)GHVVDVDPRVWUDV
$WXDOPHQWHRGHVHQYROYLPHQWRGHWpFQLFDVDYDQoDGDVGHSURFHVVDPHQWRGHLPDJHQVSHUPLWHTXDQWL¿FDU
RYROXPHGHSRURVGRVRORHUHSUHVHQWDURREMHWRHPWUrVGLPHQV}HV3(7+HWDO7$,1$+(&.(//,27
(VWDWpFQLFDSRGHWRUQDVHLPSRUWDQWHSDUDDYDOLDUDSRURVLGDGHGRVRORFRPRXPPpWRGRDOWHUQDWLYRRQGH
pSRVVtYHODYLVXDOL]DomRHPWUrVGLPHQV}HVSHUPLWLQGRFRQKHFHUDGLQkPLFDGDUHGHGHSRURVIRUPDGDDVVLP
FRPRRGHVHQYROYLPHQWRGRVLVWHPDUDGLFXODUGDVSODQWDV
(VVHWUDEDOKRWHPRREMHWLYRGHDSUHVHQWDUXPPpWRGRSDUDH[WUDomRGHLQIRUPDo}HVGHREMHWRVWULGLPHQ-
VLRQDLVJHUDGRVDSDUWLUGHXPFRQMXQWRGHLPDJHQVWRPRJUi¿FDVGHDOWDUHVROXomRREWLGDVDSDUWLUGHDPRVWUDV
FROHWDGDVHPFDPSRVREGRLVVLVWHPDVGHPDQHMRGRVROR
2. Materiais e Métodos
2.1. Reconstrução tridimensional através de algoritmos de processamento paralelo
$UHFRQVWUXomRWULGLPHQVLRQDORFRUUHDWUDYpVGDDSOLFDomRGHXPDOJRULWPRGHLQWHUSRODomRTXHSURGX]
SODQRVLQWHUPHGLiULRVYLUWXDLVHQWUHSODQRVUHDLV2PpWRGRGHUHFRQVWUXomREDVHLDVHQRDOJRULWPRGHLQWHUSRODomR
SRU%6SOLQH:DYHOHWV0,1$7(/FRPRREMHWLYRGHWHQWDUSUHVHUYDUDVFDUDFWHUtVWLFDVUHDLVGHWH[WXUDGR
VROR'HYLGRDJUDQGHTXDQWLGDGHGHSRQWRVDVHUHPLQWHUSRODGRVH[SORUDVHRSURFHVVDPHQWRSDUDOHORDWUDYpVGR
XVRGH03,SDUDGLYLGLUDFDUJDGHWUDEDOKRHQWUHGLYHUVRVSURFHVVDGRUHV3(5(,5$
2.2. Visualização tridimensional utilizando software Paraview
23DUDYLHZpXPDIHUUDPHQWDopen-source, PXOWLSODWDIRUPDEDVHDGDQDELEOLRWHFD97.GHVHQYROYLGD
SHOD.LWZDUH(ODpFDSD]GHSURFHVVDUJUDQGHVYROXPHVGHGDGRVXWLOL]DQGRWpFQLFDVGRSURFHVVDPHQWRHPDU-
TXLWHWXUDGHDOWRGHVHPSHQKR$<$&+,727+(56&(',/1,.HWDO)$%,$1HWDO$OpP
GHVXDHVFDODELOLGDGHDIHUUDPHQWDSRVVLELOLWDHVWHQGHUVXDVIXQFLRQDOLGDGHVFULDQGRVHQRYRV¿OWURVHPpWRGRV
GHUHQGHUL]DomRXWLOL]DQGRVHGHOLQJXDJHP&&3\WKRQRX7FO$VVLPPyGXORVGHVHQYROYLGRVXWLOL]DQGRVH
DELEOLRWHFD97.SRGHPVHUDFRSODGRVDIHUUDPHQWD$RFRPSLODUVHRFyGLJRIRQWHGDIHUUDPHQWDSDUDDPELHQWH
/LQX[RXLQVWDODQGRVHDIHUUDPHQWDWHPVHDRSomRGHFRQ¿JXUDomRSDUDGLVWULEXLomRSURFHVVDPHQWRHQWUHGLIH-
UHQWHVPiTXLQDVRTXHDFHOHUDRpipelineGHYLVXDOL]DomR3DUDIDFLOLWDURXVRGDIHUUDPHQWDDOJXQV¿OWURVIXQGD-
PHQWDLVVmRGLVSRQLELOL]DGRVWDLVFRPRThreshold&RUWHClipping e Plot Over Line
2.3. Descrição dos sistemas de Mmanejo de solo e amostragem de solo
'RLVVLVWHPDVGHPDQHMRGRVRORIRUDPVHOHFLRQDGRVSDUDRHVWXGR0DWD±FDUDFWHUL]DGDSHODPDWDQR
TXDORVRORQmRVRIUHXTXDOTXHUWLSRGHPDQHMR3ODQWLR'LUHWRGHPLOKR±iUHDFXOWLYDGDSRUDQRVFRPGXDV
FXOWXUDVDQXDLVVRMDQRYHUmRHPLOKRQRLQYHUQRHPVLVWHPDGHVHPHDGXUDGLUHWD
)RUDPFROHWDGDVDPRVWUDVLQGHIRUPDGDVQDFDPDGDVXSHU¿FLDOGRVRORPHPFDGDVLVWHPDGH
PDQHMRGHVRORXWLOL]DQGRFLOLQGURVGH39&FRPERUGDELVVHODGDGHFPGHDOWXUDFPGHGLkPHWURLQWHUQR
HYROXPHDSUR[LPDGRGHFP
$SyVDFROHWDDVDPRVWUDVLQGHIRUPDGDVGHVRORIRUDPOHYDGDVDR/DERUDWyULRGH7pFQLFDV1XFOHDUHV
³6LOYLR&UHVWDQD´QD(PEUDSD,QVWUXPHQWDomRORFDOL]DGDHP6mR&DUORV63$VLPDJHQVWRPRJUi¿FDVIRUDPRE-
WLGDVXWLOL]DQGRXPVLVWHPDGHPLFURWRPRJUD¿DGHUDLRV;PRGHORGD6N\6FDQFRPSRVWRSRUXPWXERGH
UDLRV;GHPLFURIRFRFRPIRQWHGHDOWDWHQVmRN9XPSRUWDDPRVWUDFRPPDQLSXODGRUGHSUHFLVmRHXP
GHWHFWRUEDVHDGRHPFLQWLODGRUGHy[LGRGHJDGROtQLRHFkPHUD&&'FRPUHVROXomRGH0S[SL[HO
FRQHFWDGRVDXPFRPSXWDGRUSDUDFRQWUROHHDTXLVLomRGDVLPDJHQV
3. Resultados e Discussão
1HVVHWUDEDOKRXWLOL]RXVHXPPiTXLQDFRPSURFHVVDGRU,QWHOLGHQ~FOHRVHWKUHDGVRSHUDQGRD
*+]FRP*%GHPHPyULD5$0HGLVFR66'GH*%1RWUDEDOKRRUJDQL]RXVHXPÀX[RGHLQIRUPDo}HVWDO
TXDODSUHVHQWDD)LJXUD,QLFLDOPHQWHHVFROKHVHXPFRQMXQWRGHSODQRVGHGLIHUHQWHSURIXQGLGDGHHVHOHFLRQDVH
DTXDQWLGDGHGHSODQRVTXHVHUmRLQVHULGRVHQWUHRVSODQRVUHDLV'HSRLVGLVVRDSOLFDVHRDOJRULWPRSDUDOHORGH
UHFRQVWUXomR'QRVSODQRVHVFROKLGRV&RPRUHVXOWDGRRDOJRULWPRJHUDXPDUTXLYRQRIRUPDWR97.TXHSRGH
VHULPSRUWDGRQR3DUDYLHZ'HQWURGDIHUUDPHQWDRVGDGRVVmRFRPSULPLGRVXWLOL]DQGRVHRDOJRULWPR=/LERTXH
JDUDQWHTXHRFXSHPPHQRUHVSDoRHPGLVFR
3DUDDQDOLVDUVHRSRWHQFLDOGRPpWRGRGHDQiOLVHGHJUDQGHVYROXPHVGHGDGRVUHDOL]RXVHXPHVWXGRGH
FDVRTXHYLVRXDQDOLVDUDVFDUDFWHUtVWLFDVGRVGRLVWLSRVGHDPRVWUDVGHVROR5HDOL]RXVHDUHFRQVWUXomRGHGRLV
REMHWRVDSDUWLUGHDPRVWUDVGHVRORGHQRPLQDGRV0DWDVRORRULJLQDOH0LOKRVRORVRESODQWLRGLUHWR2SULPHLUR
IRLFRQVWUXtGRFRPSODQRVUHDLVGHGLPHQVmR[SL[HOVHXPSODQRYLUWXDOHQWUHFDGDSDUGHSODQRV
JHUDQGRVHXPREMHWRFRPSODQRVTXHRFXSRX*%GHHVSDoRHPGLVFR2VHJXQGRREMHWRIRLJHUDGRFRP
SODQRVUHDLVGHPHVPDGLPHQVmRHWUrVSODQRVYLUWXDLVHQWUHFDGDSDUGHSODQRVJHUDQGRVHXPREMHWRFRP
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SODQRVTXHRFXSRX*%1DPiTXLQDXWLOL]DGDDHWDSDGHUHFRQVWUXomRSDUDOHODIRLHPPpGLDYH]HV
PDLVUiSLGDGRTXHRDOJRULWPRVHTXHQFLDOeLQWHUHVVDQWHREVHUYDUTXHDJHUDomRGRVREMHWRVGHPDQGDPGHD
PLQXWRVSDUDVHUHPUHFRQVWUXtGDVHPDOJRULWPRVVHTXHQFLDLV2VGRLVREMHWRVJHUDGRVVmRDSUHVHQWDGRVUHVSHF-
WLYDPHQWHQDV)LJXUD DHFigura 2E
)LJXUD)OX[RGHGDGRVSDUWLQGRGDVLPDJHQVWRPRJUi¿FDVGHDOWDUHVROXomRSDUDFULDomRHYLVXDOL]DomR
GHLQIRUPDo}HVHH[WUDomRGHSDUkPHWURV
 D E
 F G
)LJXUD,PDJHQVWULGLPHQVLRQDLVGRVREMHWRV'UHFRQVWUXtGRVD0DWDE3ODQWLRGLUHWR*Ui¿FRGR
FRH¿FLHQWHGHDWHQXDomRGRVRORQRVLVWHPDFRP0DWDFH3ODQWLR'LUHWRG
$RREVHUYDUDV LPDJHQV WULGLPHQVLRQDLVGRVVLVWHPDVGHPDQHMRGHVROR'UHFRQVWUXtGRVYHUL¿FDVH
YLVXDOPHQWHXPDPDLRUSUHVHQoDGHSRURVQRVRORVREPDWDHPUHODomRjiUHDVRE3ODQWLR'LUHWRGHPLOKR)LJXUD
DHE1DiUHDVREPDWDKiXPSUHGRPtQLRGHSRURVTXHSRGHVHUUHVXOWDQWHGDJUDQGHH[WHQVmRUDPL¿FDomR
HDWLYLGDGHGDVUDt]HVDVVLPFRPRGDDWLYLGDGHGHPLFURUJDQLVPRVTXHSRGHPSURPRYHUDDJUHJDomRGRVROR
$DQiOLVHGRSHU¿OGRVRORIRLH[WUDtGDXWLOL]DQGRVHDIHUUDPHQWDPlot Over LineDTXDOSHUPLWHDRXVXiULR
GHWHUPLQDUQDDPRVWUD'TXHSRQWRVJRVWDULDGHH[WUDLUPHGLGDV8PDYH]GHWHUPLQDGRVR92,SRGHVHFRQV-
WUXLURJUi¿FRGRVFRH¿FLHQWHVGHDWHQXDomRGRYROXPHHVFROKLGRFRPRPRVWUDPDV)LJXUDVFHG
4. Conclusões
$WpFQLFDXWLOL]DGDQRSURFHVVDPHQWRGHLPDJHQVWRPRJUi¿FDVGHDOWDUHVROXomRIRL~WLOSDUDGHWHFWDUDV
YDULDo}HVQDSRURVLGDGHGRVRORHQWUHRVVLVWHPDVGHPDQHMRGHVRORDYDOLDGRVDOpPGHSRVVLELOLWDUVXDYLVXDOL-
]DomRWULGLPHQVLRQDORVUHVXOWDGRVSRGHPFRQWULEXLUSDUDRFRQKHFLPHQWRGHFRPRpIRUPDGDRVLVWHPDGDUHGH
GHSRURVGRVRORHHQWHQGHUFRPRDHVWUXWXUDGRVRORSRGHDIHWDUDUHWHQomRGHiJXDLQÀXHQFLDQGRDGLQkPLFDGD
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